DESCRI PTI ON CATALYST FOR PRODUCI NG METHACRYLI C ACI D, METHOD FOR PRODUCI NG
THE SAVE, AND METHOD FOR PRODUCI NG METHACRYLI C ACI D TECHNI CAL FI ELD [ 0001]
The present invention relates to a catalyst to be used for producing

met hacrylic acid through gas-phase catal ytic oxidation of nmethacrolein with
nol ecul ar oxygen (hereinafter, referred to as a catal yst for producing

nmet hacrylic acid), a nethod for producing the catalyst, and a nethod for
produci ng nmethacrylic acid by use of the catalyst. BACKGROUND ART [ 0002]

As a conponent of the catal yst for produci ng nethacrylic acid through

gas- phase catal ytic oxidation of BﬁﬁﬁﬁﬁPBﬁﬁﬁn wi th nol ecul ar oxygen,

het eropol y acid conpounds represented by phosphonol ybdic acid are known. In
addition, there have been many proposals of a method for form ng pore
structure in the catalyst in order to allow the catal yst conponent to act
effectively oQATABYSTF(H 2RO DECANGINE TEMACRY LN AEBCMETHODIAOR] I n

Pat ent Docunent 1, there is proposed a nethod of catalyst preparation in
whi ch pommogﬁjmﬂrmrm\@cm@m@@ hax! MEOBYENE! RESIPRCRIVEIE Size of
0.1 to 100 Jtmis mxed with a dry powdery catal yst precursor and the
resulting mxture is shaped and thengggﬁjected to heat treatnent. In Patent
Docunment 2, there is proposed a nethod i n which an organi c substance such
as polyvinyl alcohol is added at the tinme of catalyst shaping and the
resulting shaped article is subjected to heat treatnent and then used as a
finished catalyst. In Patent Docunent 3, there is proposed a nethod in

whi ch an organi ¢ pol yner conpouﬁEC%ﬂYQ%ﬁ oses into nononers and
vaporizes at a relatively |ow tenperature such as polynethyl nethacrylate
or pol ystl{Hde is added for shaping. In Patent Docurment 4, there is
proposed a nethod of catal yst production in which particles of a dried

mat eri al offha prasxdtlinecsphutiat tora atpleaus belused Yorgoodwding ngtleatydlcywid
conponents are allowed to have particle sizes that fall within a range of

from 1 tahi@fh npanshasoapagiytib 08R#ktion of methacrolein with molecular oxygen
(hereinafter, referred to as a catalyst for producing methacrylic acid), a method for
producing the catalyst, and a method for producing methacrylic acid by use of the

catalyst.

BACKGROUND ART
[0002]

As a component of the catalyst for producing methacrylic acid through gas-phase
catalytic oxidation of methacrolein with molecular oxygen, heteropoly acid compounds
represeﬁted by phosphomolybdic acid are known. In addition, there have been many
proposals of a method for forming pore structure in the catalyst in order to allow the
catalyst component to act effectively on the gas-phase catalytic oxidation reaction.
[0003]

In Patent Document I, there is proposed a method of ;::atalyst preparation in which

powder of a carbonic acid compound having an average particle size of 0.1 to 100 um is



In addition, in Patent Docunment 5, there is described a nethod in which an
organic reducing material is added to a m xture solution or slurry
containing raw material conpounds for catal yst conponents for the purpose
of reduction. Patent Docunent 1. Japanese Patent Application Laid-Cpen No.
Hei 10-244,160 Patent Docunent 2: Japanese Patent Application Laid-Open No.
Sho 55-73, 347 Patent Docunent 3: Japanese Patent Application Laid-Open No.
Hei 04-367,737 Patent Docunent 4: Japanese Patent Application Laid-COpen No.
Hei 08-10, 621 Patent Docunent 5: Japanese Patent Application Laid-Open No.
Sho 58- 511843 WithSCLOSHREIEF chtdlfENTrdoNroR@BI Ev TOuBBzSOLAED BYhdpdd arVENTI ON

[ 0005] However, a catalyst is desired which enables to further raise the
yi el d of theetsubdjicieditc hegi wedt@ehie [P Parue Bdctiyie@ad -thdrade pediosdd/ & infetlixd Hat i on
of net hacrol ein. [0006] It is an object of the present invention to

provi de aisat & ﬁﬁganfcogub%ﬁwﬁicﬂgasrﬁﬂﬂaﬁwmw&qg ddddy & kI bekalatyr ough
gas- phase catal ytic oxidation of nmethacrolein with nolecular oxygen.

Furt her ' ' ' t ' fQr
pr oduci ng gk b b le3RER AUET L AEE RPN ABRERAR |
acid by e.of t catgl yst.. MEANS_FOR SOLVI NG THE P, EM .[ D007 . The
o esent ROBRE cURTRS AL PR ReART 3r Bt RO R Ch AR Fophish ag gtsoaly
met hacrylic acid through, gas-phase catal ytic oxidation of methacrolein with
mol ecul aPO@%é‘rHWPE‘&ﬁ %(PW?W&%‘BP%@I@HWWW%% Feieendt Tiplafivphtlow
conponents, the nmethod conprising the steps of: (1) adding organic binder
(Bl) to #mperaturcesush|ast padymethyk methagrdatst et polpgyreaeismatdésd dr shepippulds f or
sai d catal yst conponents followed by drying the resulting m xture; (2)
kneadi ng PateusDobira¢mddtidrd seropsed hahathodof ¢agaliyst pradicttion gramihtchipantitdes ( B2) ;
and (3) subjecting thus obtained kneaded materials to extrusion nol ding.
of a dried material of a mixture solution or aqueous slurry containing catalyst

components are allowed to have particle sizes that fall within a range of from 1 to 250
um and shaped.
[0004]

In addition, in Patent Document 3, there is described a method in which an organic
reducing material is added to a mixture solution or slwry containing raw material
compounds for catalyst components for the purpose of reduction.

Patent Document 1: Japanese Patent Application Laid-Open No. Hei 10-244,160
Patent Document 2: Japanese Patent Application Laid-Open No. Sho 55-73,347
Patent Document 3: Japanese Patent Application Laid-Open No. Hei 04-367,737
Patent Document 4: Japanese Patent Application Laid-Open No. Hei 08-10,621

Patent Document 5: Japanese Patent Application Laid-Open No. Sho 58-51,943

DISCLOSURE OF INVENTION
PROBLEM TO BE SOLVED BY THE INVENTION

[0005]



Further, the present invention is a catalyst for producing nethacrylic acid
to be obtained by this nethod. [0008] Further, the present invention is a
met hod for producing nmethacrylic acid through gas-phase catal ytic oxidation
of nmethacrolein with nol ecul ar oxygen in the presence of the

af orenenti oned catal yst. EFFECT OF THE | NVENTI ON [ 0009] According to the
present invention, there can be provided a catalyst for producing

met hacrylic acid in a high yield through gas-phase catal ytic oxidation of
nmet hacrol ein with nol ecul ar oxygen, a nethod for producing the catalyst,

and a net hdlbvwieatr, Rreatilst BOdd¥REN Gkl drtbRSitd finthed rilbgheii i nREthderMiPE FOR
CARRYI NG QUT THE | NVENTI ON [ 0010] The catal yst of the present invention

i's a cat aliBb eQrodlcRd 8§ s pARERAGIMC! Skidfiof oM AER1GaS- Phase catal ytic
oxi dation of nethacrolein wth nol écul ar oxygen, contal ning nol ybdenum and

phosphor Y80 catal yst conponents and obtained by a nethod conprising the
steps of: (?@) addi ng organic binder (Bl) to a m xture solution or slurry

cont ai ni ng r.aw _mat eri conmpounds for._said,catal yst. conponents followed by
ey no- t nlt BEhRBIeRLoFihs PEFBS R SyloR e S A € sy St E PRERC B Beth vy sl o
a liquid, and organic binder (B2); and (3) .subj.ecting_thus obtained
kneaded Rt 5t dighy yée,-gfir@gpqﬁ% BB3-Biasg. catalytiqoxidation of methacrolein with

molecular oxygen. Further objects of the present invention are to provide a method for
producing the catalyst and to provide a method for producing methacrylic acid by use of

the catalyst.

MEANS FOR SOLVING THE PROBLEM
[0007]

The present invention is a method for producing a catalyst for producing methacrylic
acid through gas-phase catalytic oxidation of methacrolein with molecular oxygen,
containing molybdenum and phosphorus as catalyst components, the method
comprising the steps of:

(1) adding organic binder (B1) to a mixture solution or slurry containing raw material
compounds for said catalyst components followed by drying the resulting mixture;

(2) kneading thus obtained dried materials, a liquid, and érganic binder (B2); and

(3) subjecting thus obtained kneaded materials to extrusion molding.

Further, the present invention is a catalyst for producing methacrylic acid to be
obtained by this method.

[C008]
Further, the present invention is a method for producing methacrylic acid through

gas-phase catalytic oxidation of methacrolein with molecular oxygen in the presence of

3



The conposition of the catal yst conponents that constitute the catal yst of
the present invention can be suitably sel ected dependi ng on the performance
of the target catalyst for producing nmethacrylic acid. Although the

catal yst for producing nethacrylic acid, which is the target of the present
invention, is not particularly limted as long as it contains nol ybdenum
and phosphorus as catal yst conponents, it preferably has the conposition
represented by the following formula (1). [0012] PaMbbVcCudXeYfZgQt, (A)

In formula (A), P, M, V, Cu, and O represent phosphorus, nolybdenum

vanadi umtheafppeiientianetl @xslgan, respectively; X represents at | east one

el enent selected fromthe group consisting of arsenic, antinony, and
tellurium Y represents at | east one el enment selected fromthe group

consi sting of bismuth, germanium zirconium silver, selenium silicon
tungsten, boron, iron, zincg } { tantal um cobalt,
manganese, barium ga||iun1[§§??3§P?§%§gﬁggﬁﬁgﬂ§%% and Z represents at

| east on?oﬁﬁﬁnent selected fromthe group consisting of potassium

rubi di um-“and cesium Each of a, b, ¢, d, e, f, g, and h represents an
atomc ratio of each_elenent, respectively, and en bis 12, ais fromO0.1
to 3, c is/CrYRINE B1thePreseny S Pl EFECRAN: b providea fs%taﬁ%%qroprssimfmgs from
Oto3, gis from0.01 to 3, his the atomc ratio of oxygen that fulfills
the requitdhasyliotcid iie aviagle iigdd dfrovglc Basephave selehdist oddnatfonetha¢BEig] I n
the step (1) in the present invention, at first, raw material conpounds for
t he cat alwigt meanpdmenkyggenf 4 hecthad dby stroding ribel ueataigstmendac npéthod afok d ar e
di ssol ved or suspended in a solvent suitably selected, and a m xture

sol ution p@@d@ingrmmhm?n@@éidiiﬁa&ig&pﬁemd. The method for preparing the

m xture solution or slurry is not particularly limted, and for exanple,
conventional nethods such as precipitation and oxides m xi ng can be
recited. [0014] The raw naterials for the catalyst to be used for the
preparation of the gt \f Bﬂﬁ%&f@}{?@@'&ﬁ%}?ﬁ EnOeRAN fcul arly
limted, and nitrates, carbonates, acetates, amonium salts, oxides,
halogenatﬁﬁuﬁonpounds, oxo-aci ds, oxo-acid salts, and the |ike of each
constitué | enent of the catal yst can be used in conbination. Exanples of

a raw materjal for mol ybdenum i ncl ude nol ybdenum oxi des such as nol ybdenum
trioxide; iha g '%ﬁ%ﬁﬂr%&h%’@ﬁ%w ascwrﬁoamrﬁm&nwﬁmﬂwamd
amoni um di nol ybdat e. Exanples of a raw material conpound for phosphorus

i ncl ude pheyphoetcrhest deatplytis phsidaiopenf oxetdecrolsind witho malesubdro spligtre.
Exanpl es of a raw material conpound for vanadi umincl ude ammoni um

met avanadatejnivgmadiybdanpantiodi phesplamds uaradyyst aoalpehents Tand oltainodtier hal
conpounds for the catal yst conponents can be used alone or in a conbination
of two omdéBsEcdh niMiehstdRegect to each el ement constituting the catalyst
conponents. [0015 As a solvent to be used, for exanple, water, ethyl

al cohol , (9f a@ffE ORRNEABINRE (P9 thelmi 808 WAL &:5s1R%¢iehalify rdW Mhdrial
compounds for said catalyst components followed by drying the resulting mixture;
(2) kneading thus obtained dried materials, a liquid, and organic binder (B2); and
(3) subjecting thus obtained kneaded materials to extrusion molding.
[0011]

The composition of the catalyst components that constitute the catalyst of the present

invention can be suitably selected depending on the performance of the target catalyst
for producing methacrylic acid. Although the catalyst for producing methacrylic- acid,

which is the target of the present invention, is not particularly limited as long as it



Then, organic binder (Bl) is added to the m xture solution or slurry.
Organic binder (81) is not particularly limted, and for exanple, polyner
conpounds such as pol yvinyl al cohol, a-glucan derivatives, and fl-glucan
derivatives can be recited. The pol yner conmpounds may be water-sol ubl e or
wat er - di spersive. Anong them organic binders which are soluble in the
sol vent of the m xture solution or slurry and insoluble or poorly soluble
inthe liquid to be used in the step (2) are preferable because the dried
materials do not collapse in the step (2) and thus pores effective for the
oxi dat i orfontagst nolybdamme aidl phdsphdros mecratdfyt cexaopees, iWheeferdidy dmkvbat of
the m xture solution or slurry is water and the liquid to be used in the
step (2) competityh réresehel byat fllovaet Fathage(1). pol yvi nyl al cohol , and

pul lul an are preferable which are poorly soluble or insoluble in ethyl

al cohol gpgigol uble in water. [0017] In the present invention, "poorly
sol ubl e or insoluble” in the solvent means that solubility in the solvent
(dlssolved kW§ Y 100 of sol vent) is O0to 5, preferably 0 to 3,

and nore pre erdb f n addition, "soluble"™ in the solvent neans

o more ¢ nhIHAT B @faﬁf@’sgﬁ?%ﬁﬁ' o %@%ﬁﬁmﬁgr{aﬂgb@%&gnﬂ&a %ﬁf Mk

in the present venti on nean pol saccharides constituted om cose
anong po|°§>gla*’6cw§ PHEEC e BTREG VGt ﬁ?}@fﬁ%e@m@d@%ﬁ% eé%?&swr'{qc 9m the
derivatives such as a-1,4 glucan, a-1,6 ucan, and a-1,4/1,6 glucan.

[0019] SFumpinsistiog of gesenis, gnmany,dadﬂe/lgmmswcmm@ arpassoee elgnenbgen,
anyl opectin, pullulan, dextrin, and cyclodextrin. [0020] The P-gl ucan
deri vat i welscted ftdne trmggeptohsiymgtdfobismmU garalapsac,cAisonohes stloas seleniteg from
- glucose anpbng pol ysaccharides constituted from gl ucose and exenplified by
deri vat i \sfios@hgasn, Botord i@nUgian, c]:i?orimﬁn %?@wwalﬁw botsert) medBehesd, 3/ 1, 6

gl ucan. [0021] Exanpl es of such -gl ucan i vatives include cellul ose

derivat i vagusy ghI1A%, TELMM! akflantla5e: afid Wﬂeﬂ&%{tyhﬂ%ﬁst o%@fehé?ffééﬁ%a@&led

cel | ul ose, sodlun1carboxynethyl cel [0l ose ydroxyet hyl cel | ul ose,

T R L T
;Sl:lh;lngie g%reﬂ;ﬁs@%%nﬁglﬁfc Sag@z(?fa gacﬁ%ﬁemen relsgercr:ltnn/e ry? fid DReR lrb aCal | ose,
from 0.1 to 3, ¢ is from 0.01 to 3, d is from 0.01 to 2, e isfrom 0 to 3, fis from 0 to 3, ¢
is from 0.01 to 3, h is the atomic ratio of oxygen that fulfills the requirement of the
valence of each element mentioned above.
[0013]

In the step (1) in the present invention, at first, raw material compounds for the
catalyst components of the catalyst for producing methacrylic acid aré dissolved or
suspended in a solvent suitably selected, and a mixture solution or slurry thereof is
prepared. The method for preparing the mixture solution or slurry is not particularly
limited, and for example, conventional methods such as precipitation and oxides mixing
can be recited.

[0014]

The raw materials for the catalyst to be used for the preparation of the mixture



One kind or a proper conbination of two or nore kinds of organic binder
(Bl) may be added to the m xture solution or slurry. [0023] The anount of
organi ¢ binder (Bl) to be added to the m xture solution or slurry is
preferably 0.1 to 20 parts by nmass relative to 100 parts by mass of raw

mat eri al conpounds as solid content, nore preferably 0.5 to 15 parts by
mass, and furthei lore preferably 0.8 to 10 parts by mass. [0024] The

met hod for adding organic binder (Bl) to the mxture solution or slurry is
not particularly limted and a nethod of directly adding the organic binder
i nt o t he selutionr er sbirut iaon rot rticulyrly olidited odnde nitrates, dirbpmates ddefates, met hod
of adding the organic binder after dissolving it or dispersing it in the
sol vent, amimbhian sd€, erided)chal @ehhird. colt@ufid, ad-dcids, dixsseld/ kalg, @hd the

di spersing the organic binder 1s not particularly limted and a method of
di sper si NgkeQIrat] Sordlifeey eléBdnt dithd BRalSQI 4EBE u8ld R SInSindt RAD B ANBICS of

foll owed by cooling the resulting dispérsion to a | ow tenperature to

di ssol ve A1 Ce i i ! gahic
bi nder (Y AARRICIR /BFbaerRln AACE B eRuEE bR Bt sf RROE B 22
resulting.dispersion ta a hi tenmperature to dissolve the organic. binder,
or “the | EEXRER e aef B e T B Gt Bt Aot et ABReF B ar |
limted apd t hod of adding the organic bjnder during the preparation of
the m xt @OEV&HE i Brargples pig Fapv material ﬁarap@#ﬂdaﬁa@hespiﬁ@md%l&ﬁ? 8{1%5‘1? Baf after
the preparation of the m xture solution or slurry, or the like can be
recited. acjadepphorhpentoxitle aridx ammendwh ythosphaty. Examplys phasravbrataied as
menti oned above is dried. The drying nethod is not particularly limted and
a met hod doarpodny ifteg vamaduna isqhodey aghivymiym aneretdmadate pvarchditinn gendolkidea asd ur r y
dryer, a nmethod for drying with a drumdryer, or a nmethod for drying by

evapor at ivaRadyd HEMEL The G0 RRedRlon8bundTRiighd bamlyst denporichedawibelusad spray
dryer is preferable because particles can be obtained at the sanme tinme with

drying a hape : pagti aj,ned.d egu rical.
[ 0026] rhi?ﬁ%ﬂ;‘ﬁ ?h%&gbr‘%}ﬁ’él BF il B2 B KSR F!ﬁge%r%i Egéﬂné%‘%?&? in

t he case . S er . 1s used, a hot air tenperature at the dryer
inlet is C\g?gtitgtré%ﬁjf; c%@@/s%g&ﬁﬁ%ngshd nore preferably 220 to 370C. [0027]

In the Cﬁﬁﬁ ere the spray dryer is used, an average particle size of the
dried par E es thus obtained is preferably 1 to 250 m When the average
particle size is less than 1 [tm there is a case where the yield of the
target readtsdiPiprddebe used, fonwweaplocvdes sthyl picepel opasaions; ¢a8 hgdgeitedar y f or
the catalytic oxidation of the present invention cannot be obtained. By
cont r ast ,andtveatertinprederabigge particle size is nore than 250 m there is a
case where nechanical strength of the catalyst is | owered because a nunber
of contadf0pdi nts anong the dried particles per unit volune is reduced. An
average particle size of the dried particles is preferably I to 150 m Note

that the aveAgesR@t bikded (BIYR fMadto VR MiRuRLhAdR adltie!Grgahiddimed can
be nmeasured with, for exanple, a laser particle size distribution analyzer.

g?92§rla y' gg@}gg‘%ﬁdgﬁgni&my%ﬂ&&ﬁfana%eeﬁﬁnpﬁawﬁﬂeﬂ doMPcngd QRS aWipblvidie hot
alcohol, o-glucan derivatives, and P-glucan derivatives can be recited. The polymer
compounds may be water-soluble or water-dispersive. Among them, organic binders
which are soluble in the solvent of the mixture solution or slurry and insoluble or poorly
soluble in the liquid to be used in the step (2) are preferable because the dried materials
do not collapse in the step (2) and thus pores effective for the oxidation reaction can

easily be formed. For example, when the solvent of the mixture solution or slurry is

water and the liquid to be used in the step (2) is ethyl alcohol, methyl cellulose,



of co-current, counter current, and co-counter current (m xed current), and
the drying can be carried out preferably in any one of these nodes. [0029]
Then, in the step (2), a mxture of dried materials obtained in the step
(1) and at least a liquid and organic binder (B2) is kneaded. The appar atus
to be used for kneading is not particularly limted and, for exanple, a
batch type kneader with double stirring blades, or a continuous kneader
such as one having a rotating reciprocating screw or one having a
sel f-cleaning function can be used, and the batch type kneader is _
pr ef er abl mwlpecdude oheink medldiangire prefombrawhich dropbonhidlablehe issduidedh t he
kneaded material is checked. In addition, the end point of the kneading can
usual |y behylut@sdl 4 solhdikédn wispection or the touch. The method for m Xing
the aforenmentioned dried materials, the liquid, and organic binder (B2) is
not partijpgtarly limted. Specifically, a method in which the dried
mat eri al s and organic binder (B2) is dry-m xed and the resulting mxture is
m xed with Li.qui d; ret hod ' I .G _bi, ' ' | ved
or dispersé%qﬁ%I#ﬁ%hfpaﬁwgﬁhng%Pﬂgﬁ%ﬂyﬁgéﬁﬁﬁgﬂm@ﬁelﬁgﬁéégﬁ%%%bﬁﬁﬁiﬁﬁgr t he
| i ke can he.exenpl, fied, and ng them .the nmethod in.whjich th i ed
nat eri al 5302‘#?31“&1 e S(E’?‘ﬁﬁnﬁ@w’?‘%g)agqoém& ipgl §%§ Ogﬁ‘alvia‘ﬁtg 1%Mtﬁrﬁgmﬂ&§ur eis
mxed with the liquid is preferable. [0030]  The liquid to be used in the
step (2) P-ridd para prelirablyyO o fi% da addiishgsalablel’ inake sobvght tmeans dat
wetting the dried materials obtained in the step (1), and for exanple,
wat er andolubiély ialthomdventi{disielyed amourt (@hihdA0 gt dfrelenths asorasbay$ aad cohol |
et hyl al cohol, propyl alcohol, and butyl al cohol can be recited. Anmong
t hem et hpyrkfeedbtoBol nmnel propyl al cohol are preferable because the dried
materials do not collapse in the step (2) and thus pores effective for the
oxi dati orooe#cti on can easily be fornmed. The | ower alcohols are preferably
those of high-purity, but may contain a snmall anmount of water. [0031] The
amount of oAl ' e : i : ki nd
e d gﬂk!'a deRvARNSEd re§%t r%gp%r%mﬁ%@ﬁ g@?gasgﬁd}ﬁeggoﬁgﬁét{aﬁ (

or size of the dried materials, the t he or t but it

i s usuall 0 80 parts by mass.relative to. 100 parts by nmss..ef.the
dri e mat ST 2Rt ARhE Yyt FaitBun men £8BhE At sTERRUGR BT <o
be used bgconmes | arge, th esulting m xture can, be extrusion-nol ded nore
snoot hl y c%ﬁdath‘é?’?éécgﬁ%‘xﬂv‘féﬁm%t%?isaglgc%’eﬁ '%%’rld"e g9 | apse and | ar ge
-voids, nanely large pores, are fornmed in the resulting nolded article after
bei ng dri auﬁnd calcined and thus the selectivity tends to be inproved.
Therefore, the amount of the liquid to be used is preferably 40 parts by
mass or noEgamglest of sutho cdgidcpardesviiverassiudé danndosh, | @ycaprbepinalapeaing nor e
preferably 45parts by nass or nore. On the other hand, when the anount of
t he |i quimhlintanbédextsagarilagolvdsxisimal | er, adhesi ve property at the tine of
nol ding is reduced and hence handling property is inproved. In addition,
when the [gopojnt of the liquid to be used becormes small, the resulting
nol ded article becones dense and hence strength of the nolded article tends
to be inpr _ : I QL : | S

9¥e% giﬂ@ﬁﬁ QEQLRivel I tl?é;gfsé@éntQBvérnﬁm fgg%gofafgﬁagax‘é%%%ohg‘um?edt he

I
preferably 70 'parts by mass or relatrve t mass o

dried ' d f bl. ] I . :
Q gan) B 3?%{%537 #ofig T é%és?ﬁﬂﬁﬁsﬁégl?si%‘ﬁs%?yﬂq”@ﬁ?%@%gﬁ? ?e&a{n%ﬁﬁ?c‘ B ted,
ori vat | VRt e ARRr T vadcanbres elercnd {315 gugnd abi o

that, anmong them at |east one organic binder which can be dissolved in the
liquid t d9B&llused in the step (2) be <contained in organic binder (B2)
because the strength of the resulting nolded article is inproved. For

exanpl e, wheamples ¢fi guhP-plocire desediven indieds tdml¢®) dariyagvdsyduchlasomashy! it is
preferable that organic binder (B2) contain an organic binder soluble in

et hyl al celuolose,l @hyheclbdse:, wWathogyartion geliusbi nuidimseirbidyenadtinyitdediulosgui d to
be used in the step (2) and an organi c binder not soluble in the liquid to
be used iHydidigettyepPcdRlosal %)dd%i%pkdb)ﬂllsé‘éhulésﬁe 18/d9&BipFolil NRthys AdaiBlRei N the
liquid to be used in the step ( i's preferably 10 to 95 parfs by mass in
100 part e Qﬁﬁ@' i 0Oto
85 partsqggﬁﬁgggﬁd?%%ggfxmgkggbgggﬁlc 1ﬁ§§$§{%gﬁﬂggggg§gggg%§%%?%%hgtep
(2), hydroxypropyl methylcellulose is nore preferable. One kind or a proper
conmbi nation of two or nore kinds of organic binder (B2) may be used in the

step (2). 7



[ 0034] Al t hough organic binder (B2) may be used wi thout purification or
after purification thereof, smaller amounts of netals or residue on
ignition as inpurities are better for avoiding deterioration of the

catal yst performance. [0035] The amount of organic binder (B2) to be used
in the step (2) is suitably selected depending on the kind or size of the
dried materials, the kind of the liquid, or the like, but it is usually
0.05 to 15 parts by mass relative to 100 parts by mass of the dried
materials obtained in the step (1) and preferably 0.1 to 10 parts by mass.
As t he amslinlosgfandrfghfigtudanndech {sBAYdibn, Ib@imde ghaiadnilngroaHsed pacioheabi 1 ity
tends to be inproved, and as the anount is decreased, post-treatnent after
mol di ng simdRclRfogh@ab. treatment tends to becone easy. [0036] I n addition
an inert carrier such as inorganic conpound like silica, alum na,
silica-algpya, silicon carbide, titania, magnesia, graphite, or

di at omaceous ‘earth; glass fiber; ceramc ball or stainless steel; or

i norgani c {4 - b i i I r i ber i\n_t he
oresent | nomgonsh bF EpESLEEbBObRBh of e e MR R R pRLE L e o
kneadi ng,in ,the step. . [,0037 Then, in the step (3), kneaded materials
obtainedqeﬁdgﬁgﬁﬁ%gg“%é%eWéu%&ﬂ${§?QWrnDIded. When extrusion molding is
carried % é %fter the dried nmaterials containing raw material conpounds for
t he catal§ %3conponents, organi ¢ binder (B2), and the liquid are kneaded,
for exanple, an auger extrusion nolding machi ne or a piston extrusion

mol di ng madhe peasiah ob ergasiedbinfl@0dH) to beteldeh &p theomixtotedsdutamt dchlerryhis ai ned
by extrusion nmolding is not particularly limted, and it can be, for

exanpl e, melgrabhagel sudd psty bpgnasytdlader o 000 $ass. byl @A3O]of ravheamateriul nol ded
article of catalyst precursor thus obtained in the step (3) is dried and

then cal congdundgs lidadorkens!mbRr HeRedbly 0aNtbEs pRk b athss, (3840 thermre
met hod for drying is not particularly ITmted, and for exanple, a

convent i %ﬁhra'gﬁl@.g%%'%grt@ﬁy%tss air drying, humdity drying, far infrared
drying, or mcrowave drying can properly be used. The drying condition can

be proper{bé{zéﬁel ected as long as the target noisture content is secured.

The method for adding organic binder (B1) to the mixture solution or slurry is not
particularly limited and a method of directly adding the organic binder into the mixture
solution or slurry to dissolve it or disperse it, a method of adding the organic binder
after dissolving it or dispersing it in the solvent, or the like can be recited. The method
for dissolving or dispersing the organic binder is not particularly limited and a method
of dispersing organic binder (B1) in the solvent at a high temperature followed by
cooling the resulting dispersion to a low temperature to dissolve the organic binder, or
conversely, a method of dispersing organic binder (B1) in the solvent at a low
temperature followed by heating the resulting dispersion to a high temperature to
dissolve the organic binder, or the like can be recited. The timing of the addition is not
particularly limited and a method of adding the organic binder during the preparation of
the mixture solution or slurry, a method of adding the organic binder after the

preparation of the mixture solution or slurry, or the like can be recited.



[ 0041] The cal cination condition is not particularly limted and a
conventional calcination condition can be applied. Usually, the calcination
is carried out at a tenperature range of from 200 to 600C. Usually, the
calcination is carried out at 200 to 500C and preferably at 300 to 450C,
for 1 to 24 hours. [0042] In the next place, the method for producing

nmet hacrylic acid of the present invention will be explained. The nethod for
produci ng nmethacrylic acid of the present invention is the one in which

met hacrylic acid is produced through gas-phase catal ytic oxidation of

net hacr ol B0A5ki t h nol ecul ar oxygen in the presence of the catalyst for
produci ng nethacrylic acid thus obtained as nentioned above. [0043] The
gas- phase didtea) theimixtxe galirtion or slusuhlis ybianred iae dnattioned above isedtiddeThe The
catal yst layer thereof is not particularly limted and may be either a

non- di | ut@glidgayehod RAGREI@arBNliMitkd 8nd 8Nt f&rqrﬁnglwim gdpladVByer, a_
containing an inert carrier, and may be either a single | ayer or nuitllayer

conposed @thaq %Pﬂﬂ)éﬁ Yi®l a 'sgﬁﬁf ﬁlmel' anfn%lhod fok dr?inﬁr\t? 162G né"=sffo§4f eed

gas contai ning nethactolein écul'ar oxygen’i e reacti 5]

Al t hough centration of .nethacrolein jin_the . feged can. be changed
M aowd depBied 0°Eey MheRiarlR U0 MR LR e AR ReRo P Be P E ab y
3% by vol u or nore. .In addjtion, the concentratian of thacrolein in the
feed gas VN BrBFd GKns 2 rsbfempws S PO, 1B SR ROk by

vol une or | ess. [0046] The concentration of nol ecul ar oxygen in the feed
gas is prévegssdyhoshapes! themarinies they ehtpined isgegulady spieriegl hacr ol ei n and
nore preferably 0.5 nol or nore. In addition, the concentration of

mol ecul ar[08%§lgen in the feed gas is preferably 4 nol or less relative to 1
nol of nethacrolein and nore preferably 3 nol or less. As a source of

mol ecul ar oMiigaph tla dryir enein eates Widh tlad dryBiprinethed, I the cast evhexeyen can

al so be used, if necessary. [0047]
spray dryer is used, a hot air temperature at the dryer inlet is preferably 200 to 400°C
and more preferably 220 to 370°C.
[0027]

In the case where the spray dryer is used, an average particle size of the dried
particles thus obtained is preferably 1 to 250 um. When the average particle size is less
than 1 pm, there is a case where the yield of the target reaction product is lowered
because a proper pore size necessary for the catalytic oxidation of the present invention
cannot be obtained. By contrast, when the average particle size is more than 250 um,
there is a case where mechanical strength of the catalyst is lowered because a number of
contact points among the dried particles per unit volume is reduced. An average particle
size of the dried particles is preferably 1 to 150 um. Note that the average particle size
means volume average particle size and can be measured with, for example, a laser
particle size distribution analyzer.

[0028]

In addition, the contact mode of sprayed liquid drops with the hot air may be any one



The feed gas preferably contains water (water vapor) besides nethacrolein
and nol ecul ar oxygen. Methacrylic acid can be obtained in a higher yield
when the reaction is carried out in the presence of water. The
concentration of water vapor in the feed gas is preferably 0.1% by vol une
or nore and nore preferably 1% by volune or nore. In addition, the
concentration of water vapor in the feed gas is preferably 50% by vol une or
| ess and nore preferably 40% by volunme or |ess. Al though the feed gas may
contain a small anmount of inpurities such as |ower saturated al dehyde, it

i s pref ercdidioecurteat, cobetenoment, bel as-conmkt casenpdsskdl eurrdnh), addithé drying he
feed gas may contain an inert gas such as nitrogen or carbon di oxide.

[ 0048] chh@e rceaRdicanpRi@ sy ie a0f oid6f o mbdse catal ytic oxidation
reaction is preferably fromnormal pressure (atnospheric pressure) to 5
atm The {og@géti on tenperature is preferably 230C or higher and nore
preferably 250C or higher. In addition, the reaction tenperature is

preferably : - . ] The

Pl ow rate a2 Yo D, FRER! St hRDaK Hliecln hOUED (1} AR cas
controll ed,.in,such _a way. tha .proper .contact ti an be_.oht ai ned.. The
cont act i Fiaha 4 BafhafSKingotnd) 18 RRlea” 3R Attt T e MerE e RedEiiy 2
seconds or longer. Ip addition, the contact time is preferably 15 seconds
or shorté}otéﬁﬁlﬁri%%f@ Bmétr: a8 30r1@£ By dath %’ﬁ%r@@?‘ﬂ’f pEYe Higtng
Hereinafter, the present invention will be explained specifically with

r ef er encéladss Famsingsucusdoeadayandt dsencebexing etating reeiprcpting syiewiongaat i on
is not limted to these Exanples. In the foll ow ng Exanpl es and Conparative

Exanpl es,havpar 4 ‘$elfrekasinpdanctinn camsise uf@i)atdl the Antah yg@skodfadethis frefdaldas and
the product were carried out by use of gas chromat ography. Note that rate

of . react iteoapt thetkhaadifl ah, beSEdrled |0k twhileO tHERSARCHY tHeCkiRGllél anferRrispass
yield of nmethacrylic acid to be produced are defined as follows. Rate of

reaction bcidRl MRGHAHBHNtHe%Bnd pdiBl 6F e ERQJRE] 841 LiMially BeOjudBENBG Wkl aci d
(% = (C/B) x 100 Yield of nethacrylic aci d%@ Lt R
inspection or the touch, The method for mixing the aforementioned dried materials, the
liquid, and organic binder (B2) is not particularly limited. Specifically, a method in
which the dried materials and organic binder (B2) is dry-mixed and the resulting
mixture is mixed with the liquid, a method in which organic binder (B2) is dissolved or
dispersed in the liquid and then mixed with the dried materials, or the like can be
exemplified, and among them, the méthod in which the dried materials and organic
binder (B2) is dry-mixed and the resulting mixtlire is mixed with the liquid is
preferable.
[0030]
The liquid to be used in the step (2) is not particularly limited as long as it has a
function of wetting the dried materials obtained inthe step (1), and for example, water
and lower alcohols having 1 to 4 carbon atoms such as methyl alcohol, ethyl alcohol,

propyl alcohol, and butyl alcohol can be recited. Among them, ethyl alcohol and propyl

alcohol are preferable because the dried materials do not collapse in the step (2) and

10



In the above fornul ae, A represents a nunber of noles of nethacrolein
supplied, B represents a nunber of -noles of nethacrolein reacted, and C
represents a nunber of noles of nmethacrylic acid produced. [0052]
Solubility of an organic binder in ethyl alcohol was neasured as foll ows.
To 500 parts of ethyl alcohol having a purity of 99.5% by mass and a
tenperature of 20C, 50 parts of an organic binder was introduced little by
little with stirring in such a way that unm xed-in lunp of flour of the
organi ¢ bi nder was not fornmed, and the resulting mxture was stirred for 1
hour. Subbeypmens Effsctivh domsthie raxidagjonasacfibmicaheabilariet fotreedriTiedpwenalsoh@bt t o
stand for 8 hours and thus an insoluble portion was precipitated. One
hundred pa¢ pfatbla thasRgapopFitg,Uut a9tontshi £ bnhl atddensefpedteat ant of the
solution thus obtained, were dried in a vacuumdryer at an ordinary

t emper at ypgzfior 12 hours and solubility in ethyl alcohol was calcul ated
froma mass of the resulting dried nmaterials as follows. Solubility in

ethyl al cohgl aﬁﬁl)irugt;(% hé ﬂqﬁi@tﬂrﬁe ds?d %.hsglﬁélgl}%glegteﬁfdeﬁ%@rh%ﬁ% &%hahgi of sigP! E) X

100 Wherein resent's mass 0 mat er represents a
remai nder tal.ned by. subtract,i of. t.he ss., of, the. dri terials from
mass of tﬁg%gﬁ%(ggﬁg%@??m@f“ﬁd’%i {5‘%}%31 or@g FebYf 1 ISIWUE@‘OTEQ?IS? B8fSpur e
wat er, 1Q0 parts,of nolybdenumtrioxide, 3.1 parts, of. anmpni um

met avanad®t @asszrektiys tp oL 06f p@@%}bwﬁs&gg f@ﬁm@amksp%ﬁggg e s6p 6h) on,

and 1.1 parts of copper nitrate were dissolved, and the resulting solution
was heat e¥hew tigsgneit|of theliggidspiherusdd basameshlergst ithrer fepgtinasnizbue caudd for 3
hours while the tenperature of the solution was kept at 95C. Then, the

sol uti on exfrssicnoahdded modDEnoahly mddwhned theniredtmiteeds bycathsballud icoldlapst 13. 5
parts of cesium bicarbonate in 20 parts of pure water was added thereto

Wi th stirandngrdeyvadd, tagdel Garbt pefess biel forfed AR dhé hesuling molfdwasicleodftdrnued
for 15 minutes. Then, a sol ution obtained by dissolution of 11.6 parts of

ammoni UmRidd ai&l Lk 28cRad tagu(:)l Qflusoﬂl{e el '%@/5%?135 %61_‘}5‘3 difph@leal Phatethrt NG

stirring was continued for m nut es. 0 a thus obtalned m xture

slurry c i the.. ia Y, C t 2.0
part s of i hel e Ryl RS oAU bRy MRy PR R LR U o
100 parts_of .the ra terial conpounds as solid ntent were added.in the
form of SYHPYIEES HHeoned BHtHAloMGRRTS RERCraPh cEPRRIT BY 474500 HEnPhe pr ay
dryer undﬁr the conditions of a dryer inlet tenperature of 270C and a

r ot at i ondhe PHsgleadywhen the amgpst off R lfgwd & bayispd beeqmss smpllersadissivepm
The particle sizes of dried particles thus obtained were neasured with a

| aser parfrppdrty &fithe tidiesafrmoldingpis redused 20d hencef kandling phinsriyhe improyed.df from
5 to 150 mand the average particle dianmeter thereof was neasured to be 40
m [ 0055]additibm, $Mhen par arsowdt dfhlee Haguiddo pantédbezontchumalipthairaedtindSmphletls of
hydr oxypr opyl nethylcellul ose (having a solubility in ethyl alcohol of 10)

wer e addegtield betbesi&ed . anldOhdnbe str&Sath toif e MoXdddr &tickSe@ toSbOmplolyd.
al cohol was added and m xed, and kneaded with a kneader until the resulting

M Xt ure beeadre L RY Shoudge H%elr'ﬂitﬁﬁ'% WX sk §s p%ggﬁgl:y??ﬁg PWt§ By Fnddk T A%

extrusion nol di ng nachi ne an ng- shaped no es having an outer

0 arret o (BlatiSo WO RAI WPl SIRL Bficbnalerl il af Mo p-BUHAPBSHERY Il 4 M

wer e obt ai ned.

or less.
[0032]

Organic binder (B2) to be used in the step (2) is not particularly limited, and for
example, polymer compounds such as polyvinyl alcohol, a-glucan derivatives, and
B-glucan derivatives can be recited. It is preferable that, among them, at least one

organic binder which can be dissolved in the liquid to be used in the step (2) be

11



The nol ded articles were dried at 60C for 16 hours and then subjected to
heat treatnment of 380C for 5 hours under air flow and a catal yst was

obt ai ned. The el enental conposition other than oxygen (hereinafter,
expressed in the sane way) of the catal yst thus obtained was as foll ows.

[ 0057] Mb12VO45P1 | CU-0.08CS 1.2 This catal yst was | oaded in a reactor and
a feed gas conposed of 5% by volune of nethacrolein, 10% by vol une of
oxygen, 30% by vol une of water vapor, 55% by vol une of nitrogen was caused
to react at a reaction tenperature of 290C, a reaction pressure of 1 atm
(absol ut eopragedln @ygananbinderc@ ) detatse e gfengthboSthe aemidtingmd]lpdsarptiase

catal ytic oxidation of nethacrolein was carried out. The products were

col | ect edmphslednPdryckashphy vilas O LiguRt edeapby i@ sted €)af ethghalcblsl, afis
met hacrol ein, selectivity to nmethacrylic acid, and yield of net hacryl iC

acid wer %r@ﬂ@ﬁa@!entﬁgt orgdtic Bﬁﬁl‘& E&)@oﬁtaﬁh%g’aﬂw%& sdlubl<0Q 238y BXRRBI. & 2

The sane procedure as in was carried out except that the anopunt

of pul | ul g A Cg;gsggyaﬁqg memfﬁ HE 5 Sl G0RE LA AGN. DR BI TS 2

COITpOUI’ldS onen S Wwas an e rve to

100 parts of t he ,raw ma |aI 0 ol at al was
obt ai ned, TEF Elggerpp‘o& @A?él?)}]i‘ @%5%3’? ﬁg hr?esg oﬁféﬂ?%na}éw% r'Pf ed
out. The results are shown in Table é10059 Exa ? sanme

pr ocedur €TE8G hindsaehible %éi%‘éﬁf?‘)ﬂ@d’sé in @»@cgé%)t(zﬁ hgal‘t’re eﬁ@’lbrlaé?ﬁé PBItRder to
be added to the m xture slurry containing the raw material conpounds for

t he cat altysnassdnp6fentts byvasase leé tigeidtal pb thepe bindersrand angrelpysferaply 50 toAd|
(having a solubility in ethyl alcohol of 0.1), a catalyst was obtained, and
gas- phaseadabglyass.c oxi dati on of nethacrolein was carried out. The resul ts
are shown in Table 1. [0060] Exanple 4 The sane procedure as in Exanple 1
was carrifegxut except that the organic binder to

As organic binder (B2) to be used in the step (2), hydroxypropyl methylcellulose is
more preferable. One kind or a proper combination of two or more kinds of organic
binder (B2) may be used in the step (2).

[0034]

Although organic binder (B2) may be used without purification or after purification
thereof, smaller amounts of metals or residue on ignition as impurities are better for
avoiding deterioration of the catalyst performance,

[0035]

The amount of organic binder (B2) to be used in the step (2) is suitably selected
depending on the kind or size of the dried materials, the kind of the liquid, or the like,
but it is usually 0.05 to 15 parts by mass relative to 100 parts by mass of the dried
materials obtained in the step (1) and preferably 0.1 to 10 parts by mass. As the amount
of organic binder (B2) to be added is increased, rﬁoldability tends to be improved, and
as the amount is decreased, post-treatment after molding such as heat treatment tends to

become easy.

12



be added to the m xture slurry containing the raw material conpounds for
the catal yst conponents was changed from pul |l ul an to hydroxypropyl

nmet hyl cel | ul ose (having a solubility in ethyl alcohol of 10), a catalyst
was obt ai ned, and gas-phase catal ytic oxidation of nmethacrolein was carried
out. The results are shown in Table 1. [0061] Conparative Exanple 1  The
sane procedure as in Exanple 1 was carried out except that pullulan was not
added to the mixture slurry containing the raw naterial conpounds for the
catal yst conmponents, a catal yst was obtai ned, and gas-phase catal ytic

oxi dati on{0886het hacrol ein was carried out. The results are shown in Table
1. [0062] [ 0063] Exanple 5 In 400 parts of pure water, 100 parts of

nol ybdenumThr k@fiile, ars-ifderP adakiSer0 buchMa® NhbiPani¥e tav aliRe sfilida,Palubindf 85%
by mass aqueous phosphoric acid solution, 7.5 parts of 60% by nass arsenic

aci d, andik : { T ; 1. SIS ; i.n
ol it on_ e pRARE sficof BRRRc, Ml S gtRLiE, SLORE, VM RAebe B Il N0

conti nued r il he tenperat ure.of .. L ut.i on kept at
55 thentifhetudRt i et DS eTT o Rbte TR O Bl Rt b et e
solution obtain h i ssol ution of .4 parts, of cesiuym bicarbonate in 20
borts of G Agidtahe PRSEH vt i eBtony hireel SRR O & Br 1S of
anmoniumnitrate in 20 parts of pure water were dissolved in 20 parts of
pure wat elmaQs kugrdad infkeg gew (3 th stirring by a rotating blade stirrer, and
the stirring was continued for 20 m nutes. [0064] To a thus obtained

m xture s[Q@gﬂ/ containing the raw materi al conpounds for the catal yst
conponents, 2.0 parts of pullulan (having a solubility in ethyl alcohol of
0. 1) rel at iMen! m thOGtepdB), knefdddnaateAws wbtbnddan thesRep YIS cagusiohimoldedt ent
were added in the formof 5% by mass aqueous sol ution and then the

resul ti ngWaletekiuies nibldigsl idrfled@ oGOaffds thE Bie® MaftYiall d6Rkai MR 5w iiflerial
conditions of a dryer inlét tenperature of 300C and a rotational frequency

of ‘a rotagynGhals Ed}rthéga{tg}r(r%te nadé)%ﬁt)é Qhadif gﬂ%% L@Za')‘, BRI &k &nSidegS of

dried particles thus o re neaSure aser particle size
di stri butjon alvzer and found to f.all within the range of from5,to 150 m
Cna §he bR R 76 ARt e Spoiin, Faghie® 408 PERRS g0t Tigla

machine can be used.

{0038]

The shape of molded article obtained by extrusion molding is not particularly limited,
and it can be, for example, any shape such as ring, cylinder, or star.
[0039]

Then, a molded article of catalyst precursor thus obtained in the step (3) is dried and
then calcined, and a catalyst (product) can be obtained.
[0040]

The method for drying is not particularly limited, and for example, a conventional
method such as hot air drying, humidity drying, far infrared drying, or microwave
drying can properly be used. The drying condition can be properly selected as long as

the target moisture content is secured.

[0041]
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[ 0065] To 100 parts of the dried particles thus obtained, 3 parts of
hydr oxypropyl nethylcellul ose (having a solubility in ethyl alcohol of 10)
and 1 part of curdlan (having a solubility in ethyl alcohol of 1) were
added and dry-m xed. To the resulting m xture, 50 parts of ethyl al cohol
was added and m xed, and kneaded with a kneader until the resulting

m xture becane clayey, and then the m xture was nolded with a piston
extrusi on nol di ng machi ne and pel |l et-shaped nol ded articles having an outer
di ameter of 5 mm and an average |ength of 5 nm were obtai ned. [0066] The
nol ded ar t iTHeemlowatendronddioat is 6RE phniculblyhibmitsd ahd eancowbpibariab dalcthatieat
treatnent of 380C for 5 hours under air flow, and a catal yst was obtai ned.
The el eﬁwﬂnalti@Qﬂﬁﬂéiaf)ﬂ)lm?ﬂ. Okshaly, tHRanl@xaans thaeeblitdthEmp@sAresagd Jrn the
sanme way) of the catalyst thus obtained was as foll ows. [8067] Mo 71 2Vo. sP

| As0. S5CUBbmCB00 tJ NoBeCARRLYT, ¥BScAARGES j BelcBaGLOk: 200 B SE60E 9as by

conposed of 5% by volune o acrol ern, o by vol une of oxygen,

vol une of r e I of nitrogen was caused to react at a
reaction ?%%%%ﬁ%gﬁﬂ&t8ﬁ£§§%g¥r¥%%§£E?W8h pressure of 1 atm (absol ute
pressure) a contact tine of 4.0 seconds, and gas-phase catalytic
[0g
e

oxi dati on thacrolein was carried out. The products were coll ected,
anal yzed b as chromat ography, and rate of reaction of methacrolein,
sel ectivit H?@ Rt Rlseythe enciqddfor prastuging rgeibpcririe peldrof Ithe prgssnd ipengion
obtained. The results are shown in Table 2. [0068] Exanple 6 The sane
pr ocedur ewdkbd expbizad Tbe etz foapradedingunetbaarglpt adifh af thelpeessnbiaventaf is
pul lulan to be added to the m xture slurry containing the raw nmateri al

conpoundsthé one ihe/hicht rabtisdrylio apidrie piaiuoed tiabagho gsh-blaisd chapaictoxidltiahiore to
100 parts of the raw material conpounds as solid content, a catal yst was

obt ai ned, mathécrgRer RIS endleduldrY bk ypeRXindtlel fRseRt SEHRACAIYS PorBRdGanE! ed
out. The results are shown in Tabee 12. [og‘%é? ol Ro:BiodGéht

methacrylic acid thus obtained as mentioned above.
[0043]

The gas-phase catalytic oxidation is usually carried out in a fixed bed. The catalyst
layer thereof is not particularly limited and may be either a non-diluted layer composed
of only the catalyst or a diluted layer containing an inert carrier, and may be either a
single layer or multilayer composed of a plurality of layers.

[0044]

It is preferable to use a feed gas containing methacrolein and molecular oxygen in the
reaction.
[0045]

Although the concentration of methacrolein in the feed gas can be changed in a wide
range, it is preferably 1% by volume or more and more preferably 3% by volume or
more. In addition, the concentration of methacrolein in the feed gas is preferably 20%

by volume or less and more preferably 10% by volume or less.

[0046]
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Exanple 7 The sane procedure as in Exanple 5 was carried out except that
the anount of pullulan to be added to the m xture slurry containing the raw
mat eri al conpounds for the catal yst conponents was changed to 0.3 part
relative to 100 parts of the raw material conpounds as solid content, a
catal yst was obtained, and gas-phase catal ytic oxidation of nethacrolein
was carried out. The results are shown in Table 2. [0070] Exanple 8 The
sanme procedure as in Exanple 5 was carried out except that the amount of

pul lulan to be added to the m xture slurry containing the raw materi al
conmpounds flde dhentatiah yé motanpornepia nethe feangads bref@alilyiat molekr atdrve to
100 parts of the raw material conpounds as solid content, a catal yst was

obt ai ned, reRifigte 83 $ niblaFenRBAGbMIH MdobRSireRAKN OTEMBRGK BRI, n WaGitiea! thed
out. The results are shown in Table 2. 10071] Exanple 9 The sane

procedur eAgerdthticy %@‘B{(ﬁecﬁlll WeskyGAT I @ rOkd ga‘gﬁg ﬁfgfertalﬁlgtﬁi &B??Pfegéﬂiikﬁi\gi 8 ]9 er to

be added to the mxture slurry-containing the raw erial conpounds for

th t al . h f |4 ul t ' I I

e LY Bt ARBS IR L3 FRP IGO0 D) 8 L BKY IRIR, e
gas- phase catal yti.c oxi dation of .nmethacrolejn was carried out, The results
are show™¥§“Fatif &8 f.cm[‘%*??]rq%?é%ﬁ‘pl‘s‘é“%d Wltl‘rr%lfgmgiﬂ Ge %o Pagised Exanpl e

5 was carried out except that the organic binder to be added to the m xture
slurry coift&i®didng the raw materi al conpounds for the catal yst conponents
was changed from pul lulan to nethyl cellul ose (having a solubility in ethyl
al cohol df0475), a catal yst was obtai ned, and gas-phase catal ytic oxidation
of nethacrolein was carried out. The results are shown in Table 2. [0073]

Exanpl e 11 TheThed sgepieioalgucaiiss iwatbx &Rtk vapuy® sbesiiet | Bethatioledx Gaat t hat
50 parts of ethyl alcohol to be added at the tine of kneading were changed

to 50 parhsleehlaPbRbeh, MeaRRic RiCanbySHiaines i&@h?éh@?%{iel@ﬂﬁe&ﬁé‘r@&@i%ﬁ
catal ytic oxidation of nethacrolein was carried out. The results are shown

in Tabl e 2 carried out in the presence of water. The concentration of water vapor in the feed gas

is preferably 0.1% by volume or more and more preferably 1% by volume or more. In
addition, the concentration of water vapor in the feed gas is preferably 50% by volume
or less and more preferably 40% by volume or less. Although the feed gas may contain
a small amount of impurities such as lower saturated aldehyde, it is preferable that the
amount be as small as possible. In addition, the feed gas may contain an inert gas such
as nitrogen or carbon dioxide.

[0048]

The reaction pressure of the gas-phase catalytic oxidation reaction is preferably from
normal pressure (atmospheric pressure) to 5 atm. The reaction temperature is preferably
230°C or higher and more preferably 250°C or higher. In addition, the reaction
temperature is preferably 450°C or lower and more preferably 400°C or lower.

{0049]
The flow rate of the feed gas is not particularly limited and suitably controlled in such

a way that a proper contact time can be obtained. The contact time is preferably 1.5



[0074] Exanple 12 The sane procedure as in Exanple 5 was carried out
except that the organic binder to be added to the m xture slurry containing
the raw material conpounds for the catal yst conponents was changed from

pul lul an to hydroxypropyl mnethylcellul ose (having a solubility in ethyl

al cohol of 10), a catal yst was obtained, and gas-phase catal ytic oxidation
of nmethacrolein was carried out. The results are shown in Table 2. [0075]
Exanpl e 13 The sane procedure as in Exanple 5 was carried out except that
hydr oxypropyl nethylcellul ose to be added to the dried particles was
changed tsecqudslouli@iyef ad/inbee fref@hbBlPi2l setohds r &dnpyt. [abhddition, thé cOntddt, tirde
cat al yst was obtai ned, and gas-phase catal ytic oxidation of nethacrolein

was carriiggradithbly el &ivM ok Shétk& anl oWe bitidablyq 02ecoddd@7 Shorf¥anpl e 14 The
sanme procedure as in Exanple 5 was carried out except that 50 parts of

ethyl alcohol to be added at the tinme of kneading were changed to 50 parts
of pure water, a catalyst was obtained, and gas-phase catal ytic oxidation
of nethacrolein was carried out. Tgﬁﬁhﬁighgs are shown in Table 2. [0077]
Exanpl e 15 The sane procedure as le 5 was carried out except that
t he dryig% gﬁthod of the m xture slurry containing the raw materi al
conpound p the catal yst conponents and the organi ¢ bi nder was changed
fromthe nmethod using a co-current spray dryer to the one using a drum
dryer, a catestipsitennge pisseritrisusntiondwyhde prakbénedatnglijicaly oxitd agfermncofto
met hacrol ein was carried out. The results are shown in Table 2. [0078]
Conpar at i isanplenmaideCa8mparative Examples, but the present invention is not limited to these
Examples. In the following Examples and Comparative Examples, “part” means part by
mass.
[0051]
Analyses of the feed gas and the product were carried out by use of gas
chromatography. Note that rate of reaction of methacrolein, selectivity to methacrylic
acid and per pass yield of methacrylic acid to be produced are defined as follows.
Rate of reaction of methacrolein (%) = (B/A) x 100
Selectivity to methacrylic acid (%) = (C/B) x 100
Yield of methacrylic acid (%) = (C/A) x 100
In the above formulae, A represents a number of moles of methacrolein supplied, B
represents a number of ‘moles of methacrolein reacted, and C represents a number of
moles of methacrylic acid produced.
[0052]
Solubility of an organic binder in ethyl alcohol was measured as follows. To 500 parts
of ethyl alcohol having a purity of 99.5% by mass and a temperature of 20°C, 50 parts

of an organic binder was introduced little by little with stirring in such a way that

unmixed-in lump of flour of the organic binder was not formed, and the resulting
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The sane procedure as in Exanple 5 was carried out except that pullulan was
not added to the m xture slurry containing the raw nmaterial conpounds for

t he catal yst conponents, a catal yst was obtained, and gas-phase catal ytic
oxi dation of nethacrolein was carried out. The results are shown in Table
2. [0079] Conparative Exanple 3 The sanme procedure as in Exanple 5 was
carried out except that hydroxypropyl nethylcellul ose and curdl an were not
added to the dried particles for preparation of the catal yst, but the
extrusion-nol ded article fromthe piston extrusion nolding nmachine was
easy to cokiepsasamdedridrdebowar Silcdegserhby ilrgstaricg nat dinished z2ad el hidxned be
obt ai ned. [0080] Conparative Exanple 4 The sane procedure as in Exanple 5

was carrived lefit toexefptiod Bakodralinet thi®kinnthsWasleCpoio dvd praafgi@ed. One
hydr oxypr opyl nethyl cellul ose and curdlan were dry-m xed with the dried

parti cl equnded Pt ¥8h hWRDARAL B8k HoANTHRASS m%asﬁgelﬁ%ﬂé %{fa%llg eseizﬂti%?gtggéi] of

met hacrol ein was carried out. The results are shown I n

Conpar at i ye;.Exa . T d | carried out
xcopt t FEHE SRk ated i 0B 0E EEF FOH Betiarkt R A5 EBRHIHE  he
raw mat erjal..compounds for the catalyst conponents s changed from 2 part
of "oun | ur Ao 5P SR eqheL pag Pl e Em RS AF M 5t Ve COBE BRGHS B
gas- phas atal ytic oxidation of methacrolein was carried out. The results
are shomﬁOI'qW&rabl e 2. [0082] Yield of | nmethacrylic acid

Solubility in ethyl alcohol (dissolved amount in g per 100 g of ethyl alcohol) = (D/E) x
100

Wherein D represents mass of the dried materials and E represents a remainder
obtained by subtraction of the mass of the dried materials from mass of the
homogeneous solution.
[0053]
Example 1

In 400 parts of pure water, 100 parts of molybdenum trioxide, 3.1 parts of ammonium
metavanadate, 7.3 parts of 85% by mass aqueous phosphoric acid solution, and 1.1parts
of copper nitrate were dissolved, and the resulting solution was heated to 95°C while
being stirred, and the stirring was continued for 3 hours while the temperature of the
solution was kept at 95°C. Then, the solution was cooled to 40°C, and a solution
obtained by dissolution of 13.5 parts of cesium bicarbonate in 20 parts of pure water
was added thereto with stirring by a rotating blade stirrer, and the stirring was continued
for 15 minutes. Then, a solution obtained by dissolution of 11.6 parts of ammonium
nitrate in 20 parts of pure water was added thereto and the stirring was continued for 20
minutes.

[0054]

17
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To a thus obtained mixture slurry containing the raw material compounds for catélyst
components, 2.0 parts of pullulan (having a solubili.ty in ethyl alcohol of 0.1) relative to
100 parts of the raw material compounds as solid content were added in the form of 5%
by mass aqueous solution and then dried with a co-current spray dryer under the
conditions of a dryer inlet temperature of 270°C and a rotational frequency of a rotary
disk for spraying slurry of 16,000 rpm. The particle sizes of dried particles thus obtained
were measured with a laser particle size distribution analyzer to fall within the range of
from 5 to 150 um and the average particle diameter thereof was measured to be 40 pm.
[0055]

To 100 parts of the dried particles thus obtained, 5 parts of hydroxypropyl
methyleellulose (having a solubility in ethyl alcohol of 10) were added and dry-mixed.
To the resulting mixture, 45 parts of ethyl alcohol was added and mixed, and kneaded
with a kneader until the resulting mixture became clayey, and then the mixture was
molded with a piston extrusion molding machine and ring-shaped molded articles
having an outer diameter of 6 mm, an inner diameter of 3 mm, and an average length of
4 mm were obtained.

[0056]

The molded articles were dried at 60°C for 16 hours and then subjected to heat
treatment of 380°C for 5 hours under air flow and a catalyst was obtained. The
elemental composition other than oxygen (hereinafter, expressed in the same way) of
the catalyst thus obtained was as follows.

[0057]
Mo12V0.45P1.1Cug 08Cs) 2

This catalyst was loaded in a reactor and a feed gas composed of 5% by volume of
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methacrolein, 10% by volume of oxygen, 30% by volume of water vapor, 55% by
volume of nitrogen was caused to react at a reaction temperature of 290°C, a reaction
pressure of 1 atm (absolute pressure), and a contact time of 3.6 seconds, and gas-phase
catalytic oxidation of methacrolein was carried out. The products were collected and
analyzed by gas chromatography and rate of reaction of methacrolein, selectivity to
methacrylic acid, and yield of methacrylic acid were obtained. The results are shown in
Table 1.
[0058]
Example 2

The same procedure as in Example 1 was carried out except that the amount of
pullulan to be added to the mixture slurry containing the raw material compounds for
the catalyst components was changed to 0.5 part relative to 100 parts of the raw material
compounds as solid content, a catalyst was obtained, and gas-phase catalytic oxidation
of methacrolein was carried out. The results are shown in Table 1.
[0059]
Example 3

The same procedure as in Example 1 was carried out except that the organic binder to
be added to the mixture slurry containing the raw material compounds for the catalyst
components was changed from pullulan to polyvinyl alcohol (having a solubility in
ethyl alcohol of 0.1), a catalyst was obtained, and gas-phase catalytic oxidation of
methacrolein was carried out. The results are shown in Table 1.
[0060]
Example 4

The same procedure as in Example 1 was carried out except that the organic binder to
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be added to the mixture slurry containing the raw material compounds for the catalyst
components was changed from pullulan to hydroxypropyl methylcellulose (having a
solubility in ethy! alcohol of 10), a catalyst was obtained, and gas-phase catalytic
oxidation of methacrolein was carried out. The results are shown in Table 1.
[0061]
Comparative Example 1

The same procedure as in Example 1 was carried out except that pullulan was not
added to the mixture slurry containing the raw material compounds for the catalyst
components, a catalyst was obtained, and gas-phase catalytic oxidation of methacrolein

was carried out. The results are shown in Table 1.

[0062]
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In 400 parts of pure water, 100 parts of molybdenum trioxide, 3.4 parts of ammonium
21
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Et hyl al cohol Water Ethyl al cohol Ethyl alcohol Ethyl alcohol OUOM Et hyl
al cohol | Organic binder (B2) Anmount of addition

metavanadate, 7.3 parts of 8§5% by mass aqueous phosphoric acid solution, 7.5 parts of
60% by mass arsenic acid, and 1.4 parts of copper nitrate were dissolved, and the
resulting solution was heated to 95°C while being stirred, and the stirring was continued
for 3 hours while the temperature of the solution was kept at 95°C. Then, the solution
was cooled to 50°C, and a solution in which a solution obtained by dissolution of 12.4
parts of cesium bicarbonate in 20 parts of pure water and a solution obtained by
dissolution of 11.6 parts of ammonium nitrate in 20 parts of pure water were dissolved
in 20 parts of pure water was added thereto with stirring by a rotating blade stirrer, and
the stirring was continued for 20 minutes.

[0064]

To a thus obtained mixture slurry containing the raw material compounds for the
catalyst components, 2.0 parts of pullulan (having a solubility in ethyl alcohol of 0.1)
relative to 100 parts of the raw material compounds as solid content were added in the
form of 5% by mass aqueous solution and then the resulting slurry was dried with a
co-current spray dryer under the conditions of a dryer inlet temperature of 300°C and a
rotational frequency of a rotary disk for spraying slurry of 18,000 rpm. The particle
sizes of dried particles thus obtained were measured with a laser particle size
distribution analyzer and found to fall within the range of from 5 to 150 pm and the
average particle diameter thereof was measured to be 30 pum.

[0065]

To 100 parts of the dried particles thus obtained, 3 parts of hydroxypropyl
methylcellulose (having a solubility in ethyl alcohol of 10) and 1 part of curdlan (having
a solubility in ethy! alcohol of 1) were added and dry-mixed. To the resulting mixture,

50 parts of ethyl alcohol was added and mixed, and kneaded with a kneader until the
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resulting mixture became clayey, and then the mixture was molded with a piston
extrusion molding machine and pellet-shaped molded articles having an outer diameter
of 5 mm and an average length of 5 mm were obtained.

[0066]

The molded articles were dried at 60°C for 16 hours, then subjected to heat treatment
of 380°C for 5 hours under air flow, and a catalyst was obtained. The elemental
composition other than oxygen (hereinafter, expressed in the same way) of the catalyst
thus obtained was as follows.

[0067]

Mo12VosP1.1As0.55Cu0.1Cs1.1

This catalyst was loaded in a reactor and a feed gas composed of 5% by volume of
methacrolein, 10% by volume of oxygen, 10% by volume of water vapor, 75% by
volume of nitrogen was caused to react at a reaction temperature of 290°C, a reaction
pressure of 1 atm (absolute pressure), and a contact time of 4.0 seconds, and gas-phase
catalytic oxidation of methacrolein was carried out. The products were collected,
analyzed by gas chromatography, and rate of reaction of methacrolein, selectivity to
methacrylic acid, and yield of methacrylic acid were obtained. The results are shown in

Table 2.
[0068]
Example 6

The same procedure as in Example 5 was carried out except that the amount of
pullulan to be added to the mixture shury containing the raw material compounds for
the catalyst components was changed to 0.5 part relative to 100 parts of the raw material

compounds as solid content, a catalyst was obtained, and gas-phase catalytic oxidation
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of methacrolein was carried out. The results are shown in Table 2.
{0069]
Example 7

The same procedure as in Example 5 was carried out except that the amount of
pullulan to be added to the mixture slurry containing the raw material compounds for
the catalyst components was changed to 0.3 part relative to 100 parts of the raw material
compounds as solid content, a catalyst was obtained, and gas-phase cataly;cic oxidation
of methacrolein was carried out. The results are shown in Table 2.
[0070]
Example 8

The same procedure as in Example 5 was carried out except that the amount of
pullulan to be added to the mixture slurry containing the raw material compounds for
the catalyst components was changed to 0.1 part relative to 100 parts of the raw material
compounds as solid content, a catalyst was obtained, and gas-phase catalytic oxidation
of methacrolein was carried out. The results are shown in Table 2.
[0071]
Example 9

The same procedure as in Example 5 was carried out except that the organic binder to
be added to the mixture slurry containing the raw material compounds for the catalyst
components was changed from pullulan to polyvinyl alcohol (having a solubility in
ethyl alcohol of 0.1), a catalyst was obtained, and gas-phase catalytic oxidation of
methacrolein was carried out. The results are shown in Table 2.
[0072]

Example 10
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The same procedure as in Exafnple 5 was carried out except that the organic binder to
be added to the mixture slurry containing the raw material compounds for the catalyst
components was changed from pullulan to methylcellulose (having a solubility in ethyl
alcohol of 1.5), a catalyst was obtained, and gas-phase catalytic oxidation of
methacrolein was carried out. The results are shown in Table 2.

[0073}
Example 11

The same procedure as in Example 5 was carried out except that 50 parts of ethyl
alcohol to be added at the time of kneading were changed to 50 parts of propyl alcohol,
a catalyst was obtained, and gas-phase catalytic oxidation of methacrolein was carried
out. The results are shown in Table 2.

[0074]
Example 12

The same procedure as in Example 5 was carried out except that the organic binder to
be added to the mixture slurry containing the raw material compounds for the catalyst
components was changed from pullulan to hydroxypropyl methylcellulose (having a
solubility in ethyl alcohol of 10), a catalyst was obtained, and gas-phase catalytic
oxidation of methacrolein was carried out. The results are shown in Table 2.

[0075]
Example 13

The same procedure as in Example 5 was carried out except that hydroxypropyl
methylcellulose to be added to the dried particles was changed to pullulan (having a
solubility in ethyl alcohol of 0.1), a catalyst was obtained, and gas-phase catalytic

oxidation of methacrolein was carried out. The results are shown in Table 2.
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[0076]
Example 14

‘The same procedure as in Example 5 was carried out except that 50 parts of ethyi
alcohol to be added at the time of kneading were changed to 50 parts of pure water, a
catalyst was obtained, and gas-phase catalytic oxidation of methacrolein was carried out.
The results are shown in Table 2.
[0077]
Example 15

The same procedure as in Example 5 was carried out except that the drying method of
the mixture slurry containing the raw material compounds for the catalyst components
and the organic binder was changed from the method using a co-current spray dryer to
the one using a drum dryer, a catalyst was obtained, and gas-phase catalytic oxidation of
methacrolein was carried out. The results are shown in Table 2.
{0078]
Comparative Example 2

The same procedure as in Example 5 was carried out except that pullulan was not
added to the mixture slurry containing the raw material compounds for the catalyst
components, a catalyst was obtained, and gas-phase catalytic oxidation of methacrolein
was carried out. The results are shown in Table 2.
[0079]
Comparative Example 3

‘The same procedure as in Example 5 was carried out except that hydroxypropyl
methylcellulose and curdlan were not added to the dried particles for preparation of the

-catalyst, but the extrusion-molded article from the piston extrusion molding machine
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was easy to collapse and molded articles having a constant size could not be obtained.
{0080]
Comparative Example 4

The same procedure as in Example 5 was carried out except that tablet making was
carried out after hydroxypropyl methylcellulose and curdlan were dry-mixed with the
dried particles, a catalyst was obtained, and gas-phase catalytic oxidation of
methacrolein was carried out. The results are shown in Table 2.
[0081]
Comparative Example 5

The same procedure as in Example 5 was carried out except that the material to be
added to the mixture slurry containing the raw material compounds for the catalyst
components was changed from 2 part of pullulan to 2 part of ethylene glycol, a catalyst
was obtained, and gas-phase catalytic oxidation of methacrolein was carried out. The
results are shown in Table 2.

[0082]
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. X3 -dwo Wiat is clainmed is: 1. A nethod for producing a catal yst for
produci ng nmethacrylic acid through gas-phase catal ytic oxidation of

met hacrol ein with nol ecul ar oxygen, the catal yst containing nol ybdenum and
phosphorus as catal yst conponents, the nethod conprising the steps of:

What is claimed is:

1. A methed for producing a catalyst for producing methacrylic acid through gas-phase
catalytic oxidation of methacrolein with molecular oxygen, the catalyst containing
molybdenum and phosphorus as catalyst components, the method comprising the steps
of:

(1) adding organic binder (B1) to a mixture solution or slurry containing raw material
compounds for said catalyst components followed by drying the resulting mixture;

(2) kneading thus obtained dried materials, a liquid, and organic binder (B2); and

(3) subjecting thus obtained kneaded materials to extrusion molding.

2. The method for producing a catalyst for producing methacrylic acid according to
claim 1, wherein both the aforementioned binders (B1) and (B2) are selected from the

group consisting of polymer compounds, o-glucan derivatives, and B-glucan

derivatives.

3. The method for producing a catalyst for producing methacrylic acid according to
claim 1 or 2, wherein the aforementioned binder (B1) is poorly soluble or insoluble in
the aforementioned liquid and soluble in a solvent of the aforementioned mixture

solution or slurry.

4. The method for producing a catalyst for producing methacrylic acid according to
¢laim 3, wherein the aforementioned binder (B1) is selected from pullulan, polyvinyl

alcohol, and methyl cellulose.
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(1) adding organic binder (Bl) to a mxture solution or slurry containing
raw mat eri al conpounds for said catal yst conponents foll owed by drying the
resulting mxture; (2) kneading thus obtained dried materials, a |iquid,
and organi c binder (B2); and (3) subjecting thus obtained kneaded
materials to extrusion nolding 2. The nethod for producing a catal yst for
produci ng nethacrylic acid according to claiml, wherein both the

af orenenti oned binders (Bl) and (B2) are selected fromthe group consisting
of pol ymer conpounds, cc-glucan derivatives, and P-glucan derivatives. 3.
The nethod for producing a catalyst for producing nethacrylic acid
according to claim1 or 2, wherein the aforenentioned binder (Bl) is poorly

solubl e of FHRSALHON frlRod il BLERBIYOE BRRAc|rlpGHHa@TH: 50U Wbl Gairdd 8 89! vent

of the aforenentioned m xture solution“or s y. 47 The method for

producin G lvst .fqr _producin cryl g j i i.m 3,
wherein t ng %f%lrglg#et]tt? ghﬁegﬁiﬁ&ég%ﬁgﬁégiﬁ%ndsg glg?d gi)dl% P}% g%&é)e@] %ﬁdéﬁgﬁp}?ﬁyvi nyl
al cohol , aﬂg}lneth | .cellulose.. .5. The method for producing a catalyst for
produci ng®% %HUW%P&E“&@ﬁH”§§3¥H"ng to any one of clains 1 to 4, wherein
at | east one kind of the aforenentioned binder (B2) is soluble in the

af orenentioned liquid. 6. The nmethod for producing a catalyst for
produci ng nmethacrylic acid according to any one of clains 1 to 5, wherein

t he af or efvélitei roetbdd Forquidiiding s ebtelysetdr praincitgemgthocrylic aeidiasedndingod amgit er
and an al cohol having 1 to 4 carbon atons. 7. The nmethod for producing a

catal yst démropchiusiing freivhaeny tliecafedmenmionod digngl isosaddcatdiom wepgeup t he
af orenentioned liquid is an al cohol having 1 to 4 carbon atons. 8. The

met hod f ogonBisAAY6F ReteRas@hRhishol Rk ingl O@UCEnBodBbRACI VI i ¢ acid according to
claim7, wherein the aforenentioned lI'iquid is at |east one of ethyl alcohol

and propyl alcohol. 9. The nmethod for producing a catalyst for producing
met hacrylic acid according to any one of claims 1 to 8, wherein a spray

dryer is d in.the.aforenmention t ... 10 A cat t forn. produci ng
met hacryl ?{gﬁéec Wt}bc}%oﬁ)ﬁcpéa&bcg}ng ﬁecaﬁﬂg%f%ﬁ?é’%%%‘%"m%fg‘“e%h& Cﬁl;‘;’aéocyn% aggordin itﬁs 1to
9. 11. A nethod, for progducing, nmethacrylic acid through gas: phase catal ytic
oxi dat | or /8 At heredhe o s eoTE gt 5 a3 2lFobAl HaYing b T SUBRE AOGK: ¢ ho

catal yst according to claim

8. The method for producing a catalyst for producing methacrylic acid according to
claim 7, wherein the aforementioned liquid is at least one of ethyl alcohol and propyl

alcohol,

9. The method for producing a catalyst for producing methacrylic acid according to any

one of claims 1 to 8, wherein a spray dryer is used in the aforementioned step (1).

10. A catalyst for producing methacrylic acid produced by the method according to any

one of claims 1 to 9.

11. A method for producing methacrylic acid through gas-phase catalytic oxidation of

methacrolein with molecular oxygen in the presence of the catalyst according to claim
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